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BACKGR0X7ND OF THE INVENTION 



1. Field of thf^ Invention 

The present invention relates to 
telecommunications, and more particularly, to a 
telecommunications switching network, 

5 

2. Background 

The telecommunications industry has developed 
telecommunications switching systems including channel 
banks with cross-connections to estaiblish communication 

10 links, A plurality of channel banks are typically 
provided on a standard equipment rack to serve as a 
node in a telecommunications switching network, A 
plurality of such nodes may be formed with point-to- 
point, ring or branch interconnections, or a 

15 combination thereof, to form a telecommunications 
switching network. However, conventional channel banks 
within each node are connected through interfaces with 
limited bandwidths. Furthermore, the scalability of 
conventional channel banks in a telecommunications node 

20 is limited. 
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Therefore, there is a need for a scalable and 
modular digital loop carrier system with integrated 
transport, switching and control functions which can be 
flexibly expanded to increase its transport capacity • 
Furthermore, there is a need for interfaces between the 
channel banks with increased bandwidths which allow 
simultaneous transfer of different native mode traffic 
types, including time division multiplex (TDM) and 
asynchronous transfer mode (ATM) traffic. 



SUMMARY OF THE INVENTION 

In accordance with the present invention, a 
scalable digital loop carrier system roughly comprises: 
. " (a) a primairy channel bank; 

s , 

15 (b) an asynchronous transfer mode (ATM) interface 

L't connected to the primary channel bank; 

(c) a time division multiplex (TDM) interface 
connected to the primary channel bank; and 

(d) at least a first secondary channel bank 
20 connected to the primary channel bank through the ATM 

and TDM interfaces, the primary channel bank capable of 
providing clock synchronization to the secondary 
channel bank, wherein the primary channel bank and the 
secondary channel bank each comprise: 
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(i) a time slot cross -connect interchanger 
(TSI) having a plurality of subscriber bus interfaces; 
and 

(ii) an ATM access controller connected to 
the TSI, the ATM access controller having a plurality 
of ATM cell bus interfaces. 

In an embodiment, the primary channel bank further 
comprises a synchronous transport signal (STS) cross - 
connect controller connected to the TSI and the ATM 
access controller in the primary channel bank. In a 
further embodiment, the primary channel bank further 
comprises a synchronous optical network (SONET) framer 
connected to the STS cross -connect controller in the 
primary channel bank. In an embodiment, the system 
further comprises a plurality of STS transport cards 
connected to the STS cross -connect controller in the 
primary channel bank. 

In an embodiment, the secondary channel bank also 
corrqprises an STS cross -connect controller connected to 
the TSI and the ATM access controller in the secondary 
channel bank. In a further embodiment, the secondary 
chcLimel bank further comprises a SONET framer connected 
to the STS cross -connect controller in the secondary 
channel bank. In an embodiment, the system further 
conqprises a plurality of STS transport cards connected 
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to the STS cross -connect controller in the secondary 
channel bank. 

In an embodiment, the TDM interface is capable of 
providing a plurality of STS-1 channels in a SONET 
5 frame . In an embodiment , the primary channel bank 
further coit^rises a timing generator to provide timing 
reference to the TSI and the ATM access controller in 
the primary channel bank. In an embodiment, the timing 
generator has a timing reference input and a clock 
Q 10 synchronization output connected to the secondary 

4: channel bank. In a further embodiment, the secondary 

5s channel bank further comprises a timing generator to 

m 

:jj provide timing reference to the TSI and the ATM access 

^'^ controller in the secondary channel bank. In a further 

15 embodiment, the timing generator in the secondary 
^ channel bcuik is synchronized by a clock synchronization 

^ signal received from the clock synchronization output 

of the primary channel bank. 

In an embodiment, a plurality of secondary channel 
20 banks are connected to the primary channel bank in a 
daisy- chain configuration. Each of the primary and 
secondary channel banks may be connected directly to 
two secondary channel banks. The primary channel bank 
may be connected to two secondary channel banks, and 
25 additional secondary channel banks may be connected to 
the primary channel bank through intermediary secondary 
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channel banks. The TDM and ATM interfaces provide TDM 
and ATM data link channels for transferring narrowband 
and broadband data between the channel banks in the 
scalable digital loop carrier system. 
5 Advantageously, the digital loop carrier system 

according to the present invention allows flexible 
expansion of the channel banks to increase the 
transport capacity of the digital loop carrier system 
in a modular configuration. Furthermore, the TDM and 
10 ATM interfaces between the channel banks are capable of 
providing an increased total bandwidth which allows 
simultaneous transfer of different native mode traffic 
types including TDM, STS, and ATM traffic. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described with 
respect to particular embodiments thereof, and 
references will be made to the drawings in which: 

FIG. 1 shows a block diagram of an embodiment of 
20 a scalable digital loop carrier system according to the 
present invention; 

FIG. 2 shows a block diagram of an embodiment of 
timing and synchronization for the primary and 
secondary channel banks in the scalable digital loop 
25 carrier system according to the present invention; 
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FIG. 3 Shows a block diagram of an embodiment of 
the primary and secondary channel banks in the scalable 
digital loop carrier system according to the present 
invention with time slot cross -connect interchangers 
5 (TSI) and asynchronous transfer mode (ATM) access 
controllers; 

FIG. 4 shows a block diagram of an embodiment of 
the primary and secondary channel banks in the scalable 
digital loop carrier system according to the present 
10 invention with TSI and ATM access controllers and 
4^ synchronous transport signal (STS) cross- connect 

^ controllers connected to a plurality of STS transport 

^5 cards ; 

3 FIG. 5 shows a block diagram of an embodiment of 

Hj 15 the scalable digital loop carrier system according to 

an ^ 

^ the present invention in a daisy- chain configuration; 

FIG. 6 shows a block diagram of an embodiment of 
a node control processor (NCP) for stackplane access 
control in the scalable digital loop carrier system 
20 according to the present invention; 

FIG. 7 shows a block diagram illustrating a copper 
wired time division multiplex (TDM) payload path in an 
embodiment of the scalable digital loop carrier system 
according to the present invention; and 
25 FIG. 8 shows a block diagrsim illustrating a 

synchronous optical network (SONET) TDM payload path in 
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an embodiment of the scalable digital loop carrier 
system according to the present invention, 

DETAILED DESCRIPTION 

5 FIG. 1 shows a block diagram of a scalable digital 

loop carrier system in a communications network node in 
an embodiment according to the present invention. A 
plurality of such communications network nodes may be 
provided in a data network with point-to-point, linear 

10 chain, ring or branch interconnections, or a 
combination thereof, between the nodes. The scalable 
digital loop carrier system as shown in FIG. 1 may also 
be iitplemented on a single common equipment rack 10 and 
used as a stand-alone communications switching network. 

15 As shown in FIG. 1, the scalcible digital loop 

carrier system comprises a primaary channel bank 2 and 
a plurality of secondary channel banks 4a, 4b, 4c, . . 
4h . In an embodiment , the primary and secondary 
channel banks in the digital loop carrier system are 

20 installed on different levels of a common equipment 
rack, with physical stackplanes between adjacent 
channel banks on the common equipment rack 10. 
Asynchronous transfer mode (ATM) and time division 
multiplex (TDM) interfaces are installed on the 

25 stackplane as a physical layer transceiver which 
provides ATM and TDM data link channels between the 
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channel banks. In the embodiment shown in FIG, 1, an 
ATM stackplane interface 6 and a TDM stackplane 
interface 8 are shown as separate interfaces on the 
stackplane. In an embodiment, each physical stackplane 
5 between two adjacent channel banks on the common 
equipment rack 10 provides both ATM and TDM interfaces 
for ATM and TDM channel interconnections between the 
adjacent channel banks. 

In an embodiment, the primary channel bank 2 in 

10 the scalable digital loop carrier system according to 
the present invention is connected to one or more 
network management interfaces 12 and one or more 
network transport interfaces 14 which control node-to- 
node traffic flow in a data communications network 

15 formed by a plurality of such nodes. The primary 
channel bank 2 and each of the secondary channel banks 
4a, 4b, 4c, . . 4h provide a plurality of subscriber 
interfaces which are capable of communicating with a 
plurality of transport cards, including plain old 

20 telephone service (POTS) subscriber service cards. 

In the embodiment shown in FIG. 1, the primary 
channel bank 2 and the secondary channel banks 4a, 4b, 
4c, . . 4h are connected through the stackplane 
interfaces in a linear chain configuration. Each of 

25 the channel banks is connected to adjacent upper and 
lower channel banks through stackplanes between the 
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chcuinel banks, except for the secondary channel bank 4h 
at the top and the secondary channel bank 4d at the 
bottom of the common equipment rack 10. 

The scalable digital loop carrier system according 
5 to the present invention is expandable if necessary to 
accommodate higher capacity TDM or ATM traffic or to 
increase the number of subscriber interfaces provided 
by each communications node. In an embodiment in which 
the physical size of the common equipment rack 10 is 
10 not a limitation, additional secondary channel banks 
may be connected to the secondary channel banks 4d and 
4h as shown in FIG. 1 through additional ATM and TDM 
5 stackplane interfaces if necessary to increase the 

" transport capacity of the digital loop carrier system. 

15 FIG. 2 shows a block diagram illustrating the 

l}^ provision of timing references for a digital loop 

nj 

Jj carrier system in an embodiment according to the 

present invention. In an embodiment, the primary 
channel bank 2 provides timing and synchronization to 
20 all of the secondary channel banks, including secondary 
channel banks 4a and 4e. In FIG. 2, a stackplane 
immediately ahove a given one of the channel banks is 
denoted as a "north" stackplane, whereas the stackplane 
immediately below the given channel bank is denoted as 
25 a "south" stackplane for the purpose of simplifying the 
description. 
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In an embodiment, the primary channel bank 2 
comprises a timing generator 16 to provide a timing 
reference for the ATM and TDM interface functions as 
well as cross -connect functions within the primary 
5 channel bank 2. In a further embodiment, the timing 
generator 16 in the primary channel bank 2 has a node 
timing reference input 18 and a clock synchronization 
output 20, which is connected to all of the secondary 
channel banks including the secondary channel banks 4a 

10 and 4e in the scalcible digital loop carrier system. 

The primary channel bank 2 provides a clock 
synchronization signal through the clock 
synchronization output 20 for synchronizing the clocks 
in the secondary channel banks. 

15 In an embodiment, the timing reference input 18 

for the timing generator 16 in the primary channel bank 
2 comprises a synchronous optical network (SONET) 
timing reference input provided over the SONET. In 
another embodiment, the node timing reference input 18 

20 for the timing generator 16 in the primary channel bank 
2 comprises a Tl timing reference input if the scalable 
digital loop carrier system according to the present 
invention is used for transporting Tl communications 
payload. In yet another embodiment, the node timing 

25 reference input 18 for the timing generator 16 in the 
primary channel bank 2 comprises a building integrated 



Attorney Docket No.: DSCC01067WSW/LAH 
/lah/dscc/1067.001 



-10- 



Client Ref.: 1067- 



timing supply (BITS) input which is provided by an 
office BITS clock in a typical telephone switching 
system. 

In an embodiment, the secondary channel banks each 
5 comprise a timing generator to provide a timing 
reference for the TDM and ATM functions as well as 
cross -connect functions within the respective secondary 
channel bank. For example, the secondary channel bank 
4a immediately below the primary channel bank 2 

10 includes a timing generator 20 while the secondary 
channel bank 4e immediately above the primary channel 
bank 2 includes another timing generator 22. In an 
embodiment, the timing generator in each of the 
secondary channel banks is synchronized by the clock 

15 synchronization signal which is received from the clock 
synchronization output 20 of the timing generator 16 of 
the primary channel bank 2 . 

In an embodiment, the timing reference for the 
timing generators 20 and 22 in the secondary channel 

20 banks 4a and 4e are provided from the stackplanes which 
are connected to the primary channel bank 2, whereas 
the timing reference for the timing generator 16 in the 
primary channel bank 2 is provided from an external 
source, such as a bits, SONET, or Tl clock. For the 

25 purpose of simplified illustration, signal paths for 
the clock synchronization signals transferred between 
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the primary and secondary channel banks in southbound 
and northbound directions are shown as separate clock 
channels 24 and 26, respectively, between the channel 
banks in FIG. 2. In an embodiment, the timing 
5 generators 20 and 22 in the secondary channel banks 4a 
and 4e provide timing feedbacks along respective return 
paths to the controlling timing generator 16 in the 
primary channel bank 2. Feedback loops between the 
timing generators in the primary and secondary channel 

10 banks allow timing and synchronization to be stabilized 
for each of the timing generators in the primary and 
secondary channel banks, 

FIG, 3 shows a block diagram of an embodiment of 
a scalcLble digital loop carrier system according to the 

15 present invention in which each of the channel banks 
comprises a time slot cross -connect interchanger (TSI) 
and an ATM access controller. In FIG. 3, the primary 
channel bank 2 comprises a TSI 28 and an ATM access 
controller 30 while the secondary channel bank 4a 

20 comprises another TSI 32 and another ATM access 
controller 34. In an embodiment, other secondary 
channel banks in the scalable digital loop carrier 
system according to the present invention have 
configurations similar to that of the secondary channel 

25 bank 4a as shown in FIG. 3. 
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In an embodiment, each TSI is capable of 
performing the function of cross -connecting any of the 
individual time slots on a subscriber bus interface to 
another time slot on another subscriber bus interface 
5 within the channel bank. In a further embodiment, each 
TSI also performs subscriber bus data link (SBDL) and 
signaling functions for the subscriber bus interfaces. 
In an embodiment, the TSI in each of the primary and 
secondary channel banks is capable of cross -connecting 

10 the time slots of a plurality of subscriber bus 
interfaces, such as variable rate subscriber bus 
interfaces as described in Patent Application Serial 

No. , titled "Variable Rate Siibscriber 

Bus", filed , incorporated herein by 

15 reference. 

Referring to FIG. 3, the primary channel bank 2 
further comprises a synchronous transport signal (STS) 
cross -connect controller 36 which is connected to the 
TSI 28 in the primary channel bank 2. The STS cross- 

20 connect controller 36 uses an STS channel format to 
pass STS traffic between the channel banks. In an 
embodiment, the STS cross -connect controller has 12 
STS-1 buses which provide up to 12 STS-1 channels for 
each transport card slot connected to the STS cross- 

25 connect controller 36. In an embodiment, the STS-1 
payload transported by the STS cross -connect controller 
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36 may be any virtual tributary (VT) grouping that 
complies with GR-253 standard. 

The STS-1 payload transferred from the STS cross - 
connect controller 36 passes through the stackplane 
5 transparently between the primary and secondary channel 
banks. In an embodiment, the ATM access controller in 
each of the primary and secondary channel banks is 
connected to the TSI within the respective channel bank 
for time slot cross-connections. In an embodiment, 
10 each of the ATM access controllers 30 and 34 comprises 
4« an ATM switch fabric. 

y ^ 

=13 FIG. 4 shows a block diagram of an embodiment in 

4j which each of the primary and secondary channel banks 

H further comprises an STS cross -connect controller for 

nj 15 transporting STS-1 payloads between STS transport card 

^ slots and passing the STS-1 payloads through the 

"If Stackplane transparently between different channel 

banks. As shown in FIG. 4, the secondary channel bank 
4a further comprises an STS cross -connect controller 38 
20 to provide a plurality of transport card slots for 
additional STS transport cards. In an embodiment, the 
STS cross- connect controllers 36 and 38 in the primary 
and secondary channel banks 2 and 4a each provide four 
STS transport card slots, each of which is capable of 
25 transporting up to 12 STS-1 signals. In FIG. 4, four 
STS treuisport cards 40a, 40b, 40c and 40d are connected 
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to the STS cross -connect controller 36 in the primary 
channel bank 2, while four additional STS transport 
cards 42a, 42b, 42c and 42d are connected to the STS 
cross -connect controller 38 in the secondary channel 
5 bank 4a. 

In cin embodiment, each of the STS transport cards 
is capable of supporting up to 12 STS-1 channels* Each 
of the STS cross- connect controllers 36 and 38 thus has 
a transport capacity of up to 48 STS-1 channels in four 

10 groups of 12 STS-1 channels in the embodiment shown in 
FIG. 4. In an embodiment, any group of 12 of the 48 
STS-1 channels may be cross -connected to 16 TDM/STS 
channels provided by the TDM interface over the 
stackplane between the channel banks. In a further 

15 embodiment, the 12 STS-1 channels in any one of the 
four groups from the STS cross -connect controller are 
connected to the TDM/STS channels of the TDM interface 
over the stackplane by bit assignments in a TSI source 
pointer provided by the TSI within the respective 

20 channel bank. 

In the embodiments described above, the stackplane 
between adjacent channel banks provides an interbank 
link for timing, payload and communications. In an 
embodiment, the stackplane provides transparent TDM, 

25 STS and ATM duplex data link channels. In an 
embodiment, the stackplane is organized as a single 
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physical layer transceiver that has two data links, 
namely, a TDM/STS data link and an ATM data link. In 
an embodiment, the TDM/STS data link consists of 16 
time division multiplexed logical channels. In an 
5 embodiment, each of the logical channels in the TDM/STS 
data link is a 6.48 megabyte or 51.84 megabit channel. 
Each STS-1 channel is organized as 810 bytes per SONET 
frame which has a frame length of 125 jtxs. In an 
embodiment, the ATM data link is a single 103 megabit 
Q 10 data link organized as a single 12960 byte, 125 /is 

3 frame that carries 216 ATM cells per frcume. 

^ FIG. 5 shows a block diagram of an embodiment in 

which the channel banks are organized in a redundant 
daisy- chain configuration. In this embodiment, the 

3: 

15 timing and synchronization for the secondary channel 
HJ banks 4a, . . 4e, 4f , . . are provided by the primary 

I y 

€i channel bank 2. The stackplanes provide daisy- chains 

.IS. 

from the primary channel bank 2 in two directions, 
referred to as "north" and "south". The north of the 

20 secondary channel bank 4a is connected to the south of 
the primary channel bank 2. However, the north of the 
primary channel bank 2 is connected to the north of the 
secondary channel bank 4e in this arrangement. The 
north of the secondary channel bank 4f is connected to 

25 the south of the secondary channel bank 4e. The 
redundant daisy- chain configuration is simply a 
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variation of the linear chain configuration shown in 
FIG. 1. Although linear- chain and daisy- chain 
configurations for interconnections between channel 
banks have been described above, other configurations 
5 may also be provided for interconnections between the 
channel banks within the scope of the present 
invention. 

FIG, 6 shows a block diagram of a node control 
processor (NCP) which incorporates TDM, STS and ATM 
f] 10 transport functions and interbank transport control 

J« functions in each of the primary and secondary channel 

banks in the scalable digital loop carrier system 
JJJ according to the present invention. The NCP contains 

the basic electronics to support the channel bank in 
r;^ 15 which the NCP is provided. In an embodiment, the NCP 

nj includes a microprocessor 44, a random access memory 

= 

(RAM) 46, a flash memory 48, a data link and control 
tone card (DCT) 50 and one or more external interfaces 
such as an Ethernet interface or an RS-232 serial 

20 interface. In an embodiment, the NCP also includes a 
PCMCIA port 52 for optional peripheral equipment. A 
clock reference is provided to one or more timing 
generators 54 in the NCP to provide clock signals for 
various applications. 

25 In an embodiment, the functions performed by the 

TSI 56, the ATM access controller or ATM switch 58, and 
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the STS cross- connect controller 60 in the channel bank 
are integrated in the NCP, The ATM switch 58 has a 
plurality of ATM cell bus interfaces for transporting 
AIM cells while the STS cross -connect controller 60 has 
5 a plurality of STS transport card slots for 
transporting STS-1 signals to a plurality of STS 
transport cards. In an embodiment, the STS cross - 
connect controller 60 has four transport card slots 
each capable of supporting up to 12 STS-1 channels* 

10 The TSI 56 is connected to both the ATM switch 58 

and the STS cross-connect controller 60. The TSI 56 
has a plurality of subscriber bus interfaces and is 
capable of cross -connecting any time slot on one of the 
subscriber bus interfaces to another time slot on 

15 another one of the subscriber bus interfaces. In an 
embodiment, the TSI 56 is capable of cross- connecting 
the time slots of variable rate subscriber bus 
interfaces, an embodiment of which is described in 
Patent Application Serial No. , previously 

20 incorporated by reference. 

In an embodiment, the node control processor as 
shown in FIG. 6 further comprises a SONET framer 62 
connected to the STS cross -connect controller 60. In 
an embodiment in which TDM traffic is carried over the 

25 SONET, the STS-1 signals are framed by a standard SONET 
frame which has a duration of 125 /is. The TSI 56 is 
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connected to both the SONET frame r 62 and the ATM 
switch 58 and is controlled by the microprocessor 44 to 
perform cross -connecting functions between the 
subscriber bus interfaces. The TSI 56 also controls 
5 the access of the SONET framer 62 to the stackplane 
with its source pointer memory. In an embodiment, the 
microprocessor 44 is connected to the TSI 56 through a 
processor bus in the NCP, The transport slots for the 
ATM switch 58 include high speed cell buses and the 
fj 10 transport slots for the STS cross- connect controller 60 

4; may be connected to a plurality of STS transport cards 

01 

such as the STS transport cards 40a, 40b, 40c and 40d 

OJ 

as shown m FIG. 4, each of which is capable of 
supporting up to 12 STS-1 channels. 

15 FIG. 7 shows a block diagram illustrating a TDM 

"^t payload path for copper wire transport in an embodiment 

^ of the scalable digital loop carrier system according 

to the present invention. In this embodiment, the POTS 
signals are cross -connected to a network service 

20 interface by a time slot cross -connect interchanger 
(TSI) 64 in the NCP 66. The network service interface 
may be either a copper wire network interface or an 
optical fiber network interface. Typical copper wire 
network service interfaces include digital signal 1 

25 (DSl) and high-speed digital subscriber line (HDSL) 
interfaces which are provided for channel unit slots 
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68. Typical optical fiber network service interfaces 
such as optical carrier 3 (OC-3) and OC-12 are provided 
in transport slots 70. 

A plurality of subscriber service cards 72 for 
5 carrying POTS traffic may be connected to the channel 
unit slots 68 which communicate with the TSI 64 over a 
subscriber bus interface, A plurality of network cards 
74 for carrying quadruple HDSL traffic may be plugged 
into the transport slots 70 which communicate with the 

10 TSI 64 over another subscriber bus interface. In an 
embodiment , subscriber bus interfaces connecting the 
channel unit slots 68 and the transport slots 70 to the 
TSI 64 are variable rate subscriber buses described in 
Patent ^plication Serial No. , previously 

15 incorporated by reference. 

The TSI 64 communicates with the stackplane 76 
which provides a physical layer data link for TDM 
traffic as well as ATM traffic between channel banks. 
In the direction from the subscriber bus interfaces to 

20 the stackplane, the TSI 64 performs a sequential read 
of all of the time slots and stores them sequentially 
in a memory. Each location in the memory of the TSI 64 
represents a subscriber bus interface time slot. In an 
embodiment, two such memories are provided within the 

25 TSI 64, one of which is used for reading data from the 
subscriber bus interfaces and another one of which is 
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used for writing the data to the stackplane 76. A 
source pointer is provided within the TSI 64 to address 
the memory for the time slots for writing operations to 
the stackplane. The TSI memory also includes one bit 
5 to indicate whether the data is to be written to the 
channel bank north of the stackplane and another bit to 
indicate whether the data is to be written to the 
channel bank south of the stackplane. 

In the direction from the stackplane 76 to the 

10 channel unit slots 68 or to the transport slots 70, 
the data bytes from the stackplane 76 are read 
sequentially by the memory in the TSI 64 from the 
stackplane 76. The data bytes are stored sequentially 
in the TSI memory and read out of the memory by the 

15 subscriber bus interface using a memory source pointer. 
Sequential writing and random reading operations are 
performed in an embodiment to allow the data to be 
transferred from the stackplane 76 to the channel unit 
slots 68 and to the transport slots 70 in a broadcast 

20 mode. 

FIG. 8 shows a block diagram illustrating a SONET 
TDM payload path in an embodiment of the scalable 
digital loop carrier system according to the present 
invention. In a manner similar to TDM data transport 
25 using copper wires, the POTS DSO traffic is transferred 
between channel unit slots 78 and a TSI 80 over a 
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subscriber bus interface. The TSI 80, which is located 
in an NCP 82, combines a plurality of DSO signals 
together to form a virtual tributary (VT) payload of 24 
DSO signals. In an embodiment, up to 28 such VT 
5 payloads can be placed into one of the 16 TDM channels 
on the stackplane 84, The VT payload, which is not in 
the VT format, is inserted into one of the 16 TDM 
channels on the stackplane by the TSI 80, In an 
embodiment, 28 VT payloads with a total of 672 DSO 

10 signals are inserted into one of the stackplane TDM 
channels to form an STS-1, 

TDM data received from the stackplane 84 are 
picked up by a SONET formatter 86, which converts the 
TDM payload into VT payloads and STS-1 signals. The 

15 STS-1 signals are cross -connected by a STS cross - 
connect controller 88, which passes the cross -connected 
STS-1 signals to a SONET transport card slot 90. A 
SONET network card may be plugged into the SONET 
transport card slot 90 to generate an OC-3 or OC-12 

20 payload for SONET transportation. In an embodiment, a 
plurality of subscriber service cards 92 are plugged 
into the channel bank slots 78 for transferring DSO, 
DSl or Tl signals over the subscriber bus interface, an 
embodiment of which is described in Patent Application 

25 Serial No. , previously incorporated by 

reference. 
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The stackplane architecture for the digital loop 
carrier system according to the present invention 
allows the system to be flexibly expanded with 
additional secondary channel banks as needed to 
5 increase the transport capacity of a communications 
node in a data network. Because both TDM and ATM 
interfaces are provided on the stackplane for linking 
the chcinnel banks in the scalable digital loop carrier 
system, a variety of data formats including TDM, STS 

10 and ATM traffic are supported by the stackplane. The 
stackplane provides expanded bandwidth for different 
modes of native mode traffic types to allow the 
scalable digital loop carrier system according to the 
present invention to provide various types of 

15 communications including voice, video and data 
communications simultaneously. 

The present invention has been described with 
respect to particular embodiments thereof, and numerous 
modifications can be made which are within the scope of 

20 the claims. 
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CLAIMS 

What is claimed is: 



1 1. A scalable digital loop carrier system 

2 capable of providing voice, video and data 

3 communications, the system comprising: 
4 

5 (a) a primary channel bank; 

6 

7 (b) an asynchronous transfer mode (ATM) 

8 interface connected to the primary channel bank; 
9 

10 (c) a time division multiplex (TDM) 

11 interface connected to the primary channel bank; and 
12 

13 (d) at least a first secondary channel bank 

14 connected to the primary channel bank through the ATM 

15 and TDM interfaces, the primary channel bank capable of 

16 providing clock synchronization to the secondary 

17 channel bank, wherein the primary channel bank and the 

18 secondary channel bank each comprise: 
19 

20 (i) a time slot cross -connect 

21 interchanger (TSI) having a plurality of subscriber bus 

22 interfaces; and 
23 
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24 (ii) an ATM access controller 

25 connected to the TSI, the ATM access controller having 

26 a plurality of ATM cell bus interfaces, 

1 2. The system of claim 1, wherein the primary 

2 channel bank further comprises a synchronous transport 

3 signal (STS) cross -connect controller connected to the 

4 TSI in the primary channel bank. 

1 3. The system of claim 2, wherein the primary 

2 channel bank further comprises a synchronous optical 

3 network (SONET) framer connected to the STS cross - 

4 connect controller in the primary channel bank, 

1 4. The system of claim 2, further comprising a 

2 plurality of STS transport cards connected to the STS 

3 cross -connect controller in the primary channel bank, 

1 5. The system of claim 1, wherein the secondary 

2 channel bank further comprises a synchronous transport 

3 signal (STS) cross -connect controller connected to the 

4 TSI in the secondary channel bank, 

1 6. The system of claim 5, wherein the secondary 

2 channel bank further comprises a synchronous optical 
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3 network (SONET) framer connected to the STS cross- 

4 connect controller in the secondary channel bank. 

1 7. The system of claim 5, further comprising a 

2 plurality of STS transport cards connected to the STS 

3 cross -connect controller in the secondary channel bank. 

1 8. The system of claim 1, wherein the TDM 

2 interface is capable of supporting 16 time division 

3 multiplexed channels. 

1 9. The system of claim 1, wherein the ATM 

2 interface is capable of transporting 216 ATM cells per 

3 125 fis frame. 

1 10. The system of claim 1, wherein the TDM 

2 interface is capable of providing a plurality of 

3 synchronous transport signal -one (STS-1) channels in a 

4 synchronous optical network (SONET) frame. 

1 11. The system of claim 1, wherein the primary 

2 channel bank further comprises a timing generator to 

3 provide timing reference to the TSI and ATM access 

4 controllers in the primary channel bank, the timing 

5 generator having a timing reference input and a clock 
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6 synchronization output connected to the secondary 

7 channel bank. 

1 12. The system of claim 11, wherein the timing 

2 reference input corrprises a synchronous optical network 

3 (SONET) timing reference input. 

1 13. The system of claim 11, wherein the timing 

2 reference input comprises a Tl timing reference input. 

1 14. The system of claim 11, wherein the timing 

2 reference input comprises a building integrated timing 

3 supply (BITS) input. 

1 15. The system of claim 11, wherein the secondary 

2 channel bank further comprises a timing generator to 

3 provide timing reference to the TSI and the ATM access 

4 controller in the secondary channel bank, the timing 

5 generator in the secondary channel bank synchronized by 

6 a clock synchronization signal received from the clock 

7 synchronization output of the primary channel bank. 

1 16. The system of claim 1, further comprising a 

2 second secondary channel bank connected to the primary 

3 channel bank through the TDM and ATM interfaces. 
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1 17, The system of claim 16, wherein the second 

2 secondary channel bank is connected to the first 

3 secondary channel bank through the TDM and ATM 

4 interfaces . 

1 18. A scalable digital loop carrier system 

2 capable of providing voice, video and data 

3 communications, the system comprising: 
4 

5 (a) a primary channel bank; 
6 

7 (b) an asynchronous transfer mode (ATM) 

8 interface connected to the primary channel bank; 
9 

10 (c) a time division multiplex (TDM) 

11 interface connected to the primary channel bank; and 
12 

13 (d) at least a first secondary channel bank 

14 connected to the primary channel bank through the ATM 

15 and TDM interfaces, the primary channel bank capable of 

16 providing clock synchronization to the secondary 

17 channel bank, wherein the primary channel bank and the 

18 secondary channel bank comprise respective node control 

19 processors capeible of communicating to each other, each 

20 of the node control processors comprising: 



21 
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22 (i) a time slot cross-connect 

23 interchanger (TSI) having a plurality of subscriber bus 

24 interfaces; 
25 

26 (ii) an ATM access controller 

27 connected to the TSI, the ATM access controller having 

28 a plurality of ATM cell bus interfaces; 
29 

30 (iii) a synchronous transport signal 

31 (STS) cross -connect controller connected to the TSI; 

32 and 
33 

34 (iv) a synchronous optical network 

35 (SONET) framer connected to the STS cross-connect 

36 controller. 

1 19. The system of claim 18, further comprising a 

2 plurality of STS transport cards connected to the STS 

3 cross -connect controller in the primary channel bank, 

1 20. The system of claim 18, further comprising a 

2 plurality of STS transport cards connected to the STS 

3 cross-connect controller in the secondary channel bank. 
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1 21. The system of claim 18, wherein the STS 

2 cross -connect controller is capable of supporting at 

3 least 12 STS-1 channels. 

1 22. The system of claim 18, wherein the TDM 

2 interface is capable of providing a plurality of 

3 synchronous transport signal -one (STS-1) channels in a 

4 synchronous optical network (SONET) frame. 

1 23. The system of claim 18, wherein the primary 

2 channel bank further comprises a timing generator to 

3 provide timing reference to the TSI and the ATM access 

4 controller in the primary channel bank, the timing 

5 generator having a timing reference input and a clock 

6 synchronization output connected to the secondary 

7 channel bank. 

1 24. The system of claim 23, wherein the timing 

2 reference input comprises a synchronous optical network 

3 (SONET) timing reference input. 

1 25. The system of claim 23, wherein the timing 

2 reference input comprises a Tl timing reference input. 
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1 26. The system of claim 23, wherein the timing 

2 reference input comprises a building integrated timing 

3 supply (BITS) input. 

1 27. The system of claim 23, wherein the secondary 

2 channel bank further comprises a timing generator to 

3 provide timing reference to the TSI, the STS cross - 

4 connect controller and the ATM access controller in the 

5 secondary channel bank, the timing generator in the 

6 secondary channel bank synchronized by a clock 

7 synchronization signal received from the clock 

8 synchronization output of the primary channel bank. 
9 

10 28. The system of claim 18, further comprising a 

11 second secondary channel bank connected to the primary 

12 channel bank through the TDM and ATM interfaces. 

1 29. The system of claim 28, wherein the second 

2 secondary channel bank is connected to the first 

3 secondary channel bank through the TDM and ATM 

4 interfaces. 

1 30. The system of claim 18, wherein each of the 

2 node control processors further comprises a 

3 microprocessor connected to the TSI and the ATM access 

4 controller. 

Attorney Docket No.: DSCC01067WSW/LAH -3-, 

/lah/d3cc/1067.001 -Jl" Client Ref . : 1067- 



1 31 • The system of claim 30, wherein each of the 

2 node control processors further comprises a data link 

3 and control tone card (DCT) connected to the 

4 microprocessor. 

1 32. A scalable digital loop carrier system 

2 capable of providing voice, video and data 

3 communications, the system comprising: 
4 

5 (a) a primary channel bank; 
6 

7 (b) an asynchronous transfer mode (ATM) 

8 interface connected to the primary channel bank; 
9 

10 (c) a time division multiplex (TDM) 

11 interface connected to the primary channel bank; and 
12 

13 (d) at least a first secondary channel bank 

14 connected to the primary channel bank through the ATM 

15 and TDM interfaces, wherein the primary channel bank 

16 and the secondary channel bank each comprise: 
17 

18 (i) a time slot cross-connect 

19 interchanger (TSI) having a plurality of subscriber bus 
2 0 interfaces ; 
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21 (ii) an ATM access controller 

22 connected to the TSI, the ATM access controller having 

23 a plurality of ATM cell bus interfaces; and 
24 

25 (iii) a timing generator to provide 

2G timing reference to the TSI and the ATM access 

27 controller, the timing generator in the primary channel 

28 bank having a timing reference input and a clock 

29 synchronization output connected to provide clock 

30 synchronization to the timing generator in the 

31 secondary channel bank, 
32 

33 33. The system of claim 32, wherein the primary 

34 channel bank further comprises a synchronous transport 

35 signal (STS) cross -connect controller connected to the 

36 TSI in the primary channel bank. 

1 34. The system of claim 33, wherein the primary 

2 channel bank further comprises a synchronous optical 

3 network (SONET) framer connected to the STS cross - 

4 connect controller in the primary channel bank. 



1 35. The system of claim 33, further comprising a 

2 plurality of STS transport cards connected to the STS 

3 cross- connect controller in the primary channel bank. 
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1 36* The system of claim 32, wherein the secondary 

2 channel bank further comprises a synchronous transport 

3 signal (STS) cross -connect controller connected to the 

4 TSI in the secondary channel bank. 

1 37. The system of claim 36, wherein the secondary 

2 channel bank further comprises a synchronous optical 

3 network (SONET) framer connected to the STS cross - 

4 connect controller in the secondary channel bank. 

1 38. The system of claim 36, further comprising a 

2 plurality of STS transport cards connected to the STS 

3 cross -connect controller in the secondary channel bank. 

1 39. The system of claim 32, wherein the TDM 

2 interface is capable of supporting 16 time division 

3 multiplexed channels. 

1 40. The system of claim 32, wherein the ATM 

2 interface is capable of transporting 216 ATM cells per 

3 125 /IS frame. 

1 41. The system of claim 32, wherein the TDM 

2 interface is capable of providing a plurality of 

3 synchronous transport signal -one (STS-1) channels in a 

4 synchronous optical network (SONET) frame. 
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1 42, The system of claim 22, wherein the timing 

2 reference input of the timing generator in the primary 

3 channel bank comprises a synchronous optical network 

4 (SONET) timing reference input. 

1 43. The system of claim 32, wherein the timing 

2 reference input of the timing generator in the primary 

3 channel bank comprises a Tl timing reference input. 

1 44. The system of claim 32, wherein the timing 

2 reference input of the timing generator in the primary 

3 channel bank comprises a building integrated timing 

4 supply (BITS) input. 

1 45. The system of claim 32, further comprising a 

2 second secondary channel bank connected to the primary 

3 channel bank through the TDM and ATM interfaces. 

1 46. The system of claim 45, wherein the second 

2 secondary channel bank is connected to the first 

3 secondary channel bank through the TDM and ATM 

4 interfaces. 
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1 47. A scalable digital loop carrier system 

2 capable of providing voice, video and data 

3 communications, the system comprising: 
4 

5 (a) a primary channel bank; 

6 

7 (b) an asynchronous transfer mode (ATM) 

8 interface connected to the primary channel bank; 
9 

10 (c) a time division multiplex (TDM) 

11 interface connected to the primary channel bank; and 
12 

13 (d) a plurality of secondary channel banks 

14 connected to the primary channel bank through the ATM 

15 and TDM interfaces, wherein the primary channel bank 

16 and the secondary channel banks comprise respective 

17 timing generators and respective node control 

18 processors, 
19 

20 wherein the timing generators are 

21 capable of providing clock signals for the respective 

22 channel banks, the timing generator in the primary 

23 channel bank having a timing reference input and a 

24 clock synchronization output connected to provide clock 

25 synchronization to the timing generators in the 

26 secondary channel banks, and 
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27 wherein the node control processors each 

28 comprise: 
29 

30 (i) a time slot cross- connect 

31 interchanger (TSI) having a plurality of subscriber bus 

32 interfaces; 
33 

34 (ii) an ATM access controller 

35 connected to the TSI, the ATM access controller having 

36 a plurality of ATM cell bus interfaces; 
37 

38 (iii) a synchronous transport signal 

39 (STS) cross-connect controller connected to the TSI; 

40 and 
41 

42 (iv) a synchronous optical network 

43 (SONET) framer connected to the STS cross -connect 

44 controller, 

1 48. The system of claim 47, further comprising a 

2 plurality of STS transport cards connected to the STS 

3 cross -connect controller in the primairy channel bank, 

1 49. The system of claim 47, further comprising a 

2 plurality of STS transport cards connected to the STS 
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3 cross -connect controller in the secondary channel 

4 banks . 

1 50. The system of claim 47, wherein the STS 

2 cross -connect controller is capable of supporting at 

3 least 12 STS-1 channels. 

1 51. The system of claim 47, wherein the TDM 

2 interface is capable of providing a plurality of 

3 synchronous transport signal -one (STS-1) channels in a 

4 synchronous optical network (SONET) frame. 

1 52. The system of claim 47, wherein the timing 

2 reference input of the timing generator in the primary 

3 channel bank comprises a synchronous optical network 

4 (SONET) timing reference input, 

1 53, The system of claim 47, wherein the timing 

2 reference input of the timing generator in the primary 

3 channel bank comprises a Tl timing reference input. 

1 54. The system of claim 47, wherein the timing 

2 reference input of the timing generator in the primary 

3 channel bank comprises a building integrated timing 

4 supply (BITS) input. 
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1 55. The system of claim 47, wherein each of the 

2 node control processors further comprises a 

3 microprocessor connected to the TSI and the ATM access 

4 controller. 

1 56. The system of claim 55, wherein each of the 

2 node control processors further comprises a data link 

3 and control tone card (DCT) connected to the 

4 microprocessor. 
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ABSTRACT 

A scalable digital loop carrier system uses a 
stackplane architecture which allows the transport 
capacity of the scalable digital loop carrier system to 
be flexibly expanded while providing time division 
5 multiplex (TDM) and asynchronous transfer mode (ATM) 
data link channels. The primary channel bank is 
provided in the scalable digital loop carrier system, 
and one or more secondary channel banks are connected 
to the primary channel bank through the stackplane ATM 
10 and TDM data links. The scalable digital loop carrier 
system is expandable by adding secondary channel banks 
to the system through the stackplane TDM and ATM data 
links . 
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I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

Please address all correspondence to: Please direct all telephone calls to: 

ALCATEL USA Lee Hsu, Esq. 

1000 Colt Road, MS LEGL2 (41 5) 362-3800 

Piano, Texas 75075 



(1) Full name of sole 

or first inventor: Jason Dove 

(1) Residence: 1 0 Jeffrey Court 

Noyato, CA 94945 

(1) Post Office Address: same as above 



(1) Citizenship: 

(1) Inventor's signature: 

(1) Date: 




(2) Full name of second 

joint inventor: Paul Franceschlni 

(2) Residence: 1 485 Magnolia Avenue 

Petaluma, CA 94952 

(2) Post Office Address: same as above 



(2) Citizenship: USA 
(2) Inventor's signature: 




(2) Date: ' ^^ "^f 
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Title 37. Code of Federal Regulations, SI. 56 



SECTION 1.56. DUTY TO DISCLOSE INFORMATION 
MATERIAL TO PATENTABILITY 



(a) A patent by its very nature is affected with a public 
interest. The public interest is best s^ved, and the most 
effective patent examination occurs wfaen^ at the time an 
iqjplication is being examined, die Office is aware of and 
evaluates the teachings of all infonnation material to 
pateotsbility. Each individual associated widi Ihe filing and 
prosecution of apatmt iqiplication has a duty of candor and 
good fidtti in dealing with the Office, which includes a duty 
to disclose to the Office all information known to that 
individual to be material to patentability as defined in diis 
sectkm. The duty to disdose infonnation exists with respect 
to each pending claim until the claim is canceled or 
withdrawn from conaidei»tion, or the iqp^lication becomes 
abandoned. Information matraial to the patentability of a 
claim tfiat is canceled or withdrawn &om consideration 
need not be submitted if the infonnation is not material to 
the patentability of any daim mnaining under consideration 
in the application. There is no duty to submit infonnation 
whidi is not material to the patratability of any existing 
claim. The duty to disclose all information known to be 
material to patentability is deemed to be satisfied if all 
information known to be material to patentability of any 
daim issued in a patent was dted by the Office or submitted 
to the Office in die manno^ prescribed by §§1 *97(b)-(<l) and 
1.98.* However, no patent will be granted on an 
qsplication in connection with which fraud on the Office 
was practiced or attenqrted or the duty of disclosure was 
violated through bad futh or intentional misconduct The 
Office encourages i^licanCs to careftiUy examine: 

(1} prior art cited in search rqxnts of a foreign patent 
office in a couirtetpart jqiplication, and 

(2) the dosest information over which individuals 
associated with Ae filing or prosecution of a patent 
application believe any pending claim patentably 
defines, to make sure that any material information 
contained dimin is disclosed to tiie Office. 

(b) Und» this section, information is material to 
patentability when it is not cumulative to information 
already of record or being made of record in the 
application, and 



(1) It establishes, by itsdf or in combination with 
other infonnaticm, a prima fsde case of unpatentability 
of a claim; or 

(2) It refutes, or is inconsistent with, a position the 
^Hcant takes in: 

(i) Opposing an argument of unpatentability 
relied on by die Office; or 

(u) Asserting an argument of patentabiUty. 

A prima fiu^e case of unpatentability is established when the 
information compels a conclusion that a claim is 
unpatentable under the prepondmnce of evidence, burden- 
of-proof standard, giving each tmn in the claim its broadest 
reasonable constnictton consistent with the specification, 
and before any consideration is given to evidence which 
may be submitted in an attenqyt to establish a contrary 
conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of 
a patent ^jplication within the meaning of this section are: 

(1) Each inventor named in the i^lication; 

(2) Each attorney or agent ^o prepares or prosecutes 
the i^lication; and 

(3) Every other person who is substantivdy involved 
in dte p rep ara tion or prosecution of the application and 
who is associated with the inventor, widi die assignee 
or wifti anyone to whom diere is an obligation to assign 
the application. 

(d) Individuals other than the attorney, agent or inventor 
may comply with diis section by disclosing information to 
the attorney, agent, or invmtor. 



* $§1.97(bH4) 1.98 relate to the timing and manner in 
which information is to be submitted to the Office. 



Page 3 

Attorney Docket No.: DSCC1067WSW/LAH 
lah/dscc/1 067.004 



Client Case No. 1068-00 



